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ScienceDirectUnderstanding how climate change will affect species
interactions is a challenge for all branches of ecology. We have
only limited understanding of how increasing temperature and
atmospheric CO2 and O3 levels will affect pheromone-
mediated communication among insects. Based on the
existing literature, we suggest that the entire process of
pheromonal communication, from production to behavioural
response, is likely to be impacted by increases in temperature
and modifications to atmospheric CO2 and O3 levels. We argue
that insect species relying on long-range chemical signals will
be most impacted, because these signals will likely suffer from
longer exposure to oxidative gases during dispersal. We
provide future directions for research programmes
investigating the consequences of climate change on insect
pheromonal communication.
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Introduction
Since the 19th century, the atmospheric concentration of
greenhouse gases, particularly carbon dioxide (CO2), have
drastically increased causing changes to environmental
parameters at a global scale, including temperature [1].
Recent studies now highlight the impact of such modifica-
tions on the whole dynamics of life [2]. Through cascade
effects, entire ecosystems are being disturbed, impacting
the population dynamics of inhabiting species and altering
the ways that they interact with one another. This phe-
nomenon has been well documented for insect–plantwww.sciencedirect.com interactions mediated by plant secondary metabolites
[3,4].
Communication between insects relies mainly on semi-
ochemicals, which are organic molecules involved in the
chemical interactions between organisms [5]. They in-
clude pheromones (intraspecific communication) and alle-
lochemicals (interspecific communication). Pheromones
have a variety of important roles, especially related to
foraging, aggregation or sexual behaviour [6]. Using be-
haviour-changing pheromones (named releaser phero-
mones) is central to integrated pest management (IPM)
[7], so predicting the impact of climate change on IPM
programmes depends on understanding the impact of
changes in related abiotic parameters on insect pheromon-
al communication. However, few studies have focused on
how changes in climate will disturb each stage in the
pheromone pathway from emitters to receivers (Figure 1).
A pheromone’s long journey
Biosynthesis
Most insect pheromones are synthesised de novo and
secreted in specialised glandular tissues, regulated by
various enzymatic activities [8,9]. Others are sequestered
and/or derived from dietary precursors and depend on the
nutritive quality of the diet. Elevated temperatures will
likely have pronounced effects on pheromone biosynthe-
sis. Because insects are ectothermic and poikilothermic,
changing their body temperature will influence enzymatic
activities [10], and impact pheromone biosynthesis both
quantitatively and qualitatively. For example, tempera-
ture modifies the ratio of compounds in the sex phero-
mone of the potato tuber worm moth Phthorimaea
operculella [11]. Moths (Lepidoptera: Heterocera) differ-
entially use the same precursors to synthesise different
pheromone components, thanks to a wide variety of
enzymes (i.e. oxidase, desaturases, reductase), allowing
specific recognition [12]. Although these insects can per-
ceive a wide range of pheromone components, the activa-
tion of neurons in their macroglomerular complexes, and
the elicitation of relevant behavioural responses, is com-
binatorial: it will happen only when the right combination
and ratio of components is perceived at the same time [6].
Developmental temperature has a strong influence on adult
life history, morphology, and physiology. Furthermore, in
some species, pheromone production and availability isCurrent Opinion in Insect Science 2016, 17:87–91
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Intraspecific chemical communication in insects may be subdivided into five steps that are probably impacted by modifications to atmospheric
gas composition and associated raise in ambient temperature. Graphic art by Carolina Levicek.dependent on larval, pupation, and/or adult developmental
conditions [8,13,14], hence the effect of abiotic parameters
on all the insect life stages is important. In the male
beewolf, Philanthus triangulum, an increase of 5 8C in
the larval rearing temperature led adult males to produce
more pheromonal secretions [13]. Moreover, warmer rear-
ing conditions led to higher relative amounts of compounds
with high molecular weight. As a consequence, a shift in
temperature could weaken intraspecific relationships of
these insect species by reducing the efficiency (i.e. speci-
ficity, activity, timing of production, etc.) of their chemical
communication.
Increasing atmospheric CO2 concentrations [1] could also
affect the biosynthesis of insect pheromones. Changes in
CO2 concentrations affect plant biochemistry, including
the synthesis of secondary metabolites [4]. Since some
phytophagous insect species produce their pheromone
components based on precursors taken from their host
plant, we hypothesise that phytophagous insects could be
among the most vulnerable to changes in atmospheric
CO2 concentrations, through cascade effects of CO2 on
plant chemistry [15,16]. In Holomelina spp. moths, leu-
cine is the starting material for sex pheromone production
[17]. In bark beetles, while pheromones are produced
primarily de novo mainly through the mevalonate path-
way, some aggregation pheromone components arise from
the hydroxylation of host tree-derived secondary metab-
olites [18].Current Opinion in Insect Science 2016, 17:87–91 Emission
Few studies have specifically investigated how changes in
temperature and atmospheric gas composition act on
pheromone release. In the moth Striacosta ablicosta, in-
crease in average temperature does not affect the calling
behaviour of females, while an increasing variation be-
tween photophase and scotophase temperatures alter
significantly this behaviour, as also observed in Phyllonor-
ycter junoniella [19]. Ladybird larvae deposit more long-
chained hydrocarbons — used as oviposition deterring
pheromone — when exposed to rising temperature [20].
An increase in atmospheric CO2 concentration reduces
the emission rate of the alarm pheromone in pea aphids
(Acyrthosiphon pisum) (Boullis et al., unpublished).
Signal dispersal
After pheromone release by the emitter, volatile pher-
omones may be altered by oxidative gases such as ozone
on their way to the receiver. Most pheromones are simple,
lipophilic and of low molecular weight, which facilitate
their long-distance dispersal in the air. Other pheromones
are heavier molecules, including semi-volatile phero-
mones and cuticular hydrocarbons (CHC), which are used
in short-range or contact communication [6]. Like phyto-
genic volatile organic compounds (VOCs), insect pher-
omones made of unsaturated terpenes may be
decomposed by ozone [21–23]. Similar terpenes are con-
stitutive of sexual, aggregation or alarm pheromones in
several insect taxa, such as ladybirds [24,25], aphidswww.sciencedirect.com
Climate change and insect pheromones Boullis et al. 89[26,27], bark beetles [28] and fruit flies [29]. As highlight-
ed for Drosophila melanogaster, terpenes could lose their
biological activity after short-term ozone fumigation at
environmentally-realistic concentrations (ranging from
40 to 120 ppb) [30]. The lifespan of trail-pheromones
and alarm-pheromones, which act in a short time window
and small spatial scale [31,32], may thus be further
reduced in an ozone-rich atmosphere. In addition to
the effect of ozone on pheromones, temperature acts
on the volatility of semiochemicals. In the case of pher-
omones dispersed over long distances such as sex or
aggregation pheromones, temperature changes may mod-
ify the shape of scent plumes and disturb the efficiency of
insects to reach their target [33].
Increased temperature may also alter heavy molecules,
such as cuticular pheromones involved in contact recog-
nition. Because of their low volatility, temperature will
likely more affect the chemical composition of phero-
monal blends (ratios of components). Insects’ cuticular
lipids exist in a solid state at ambient temperatures, but
they can partially melt upon contact with the animal’s
surface (with higher than ambient temperature), which, in
turn, induces modifications in the ratios of cuticular
composition [34]. As observed in D. melanogaster, a 4 8C
increase of ambient temperature changes cuticular hy-
drocarbon composition, which lead to sexual isolation and
affect the stability of ecological communities [35].
Perception
Pheromone perception occurs through a complex series of
events, starting when pheromones enter the sensilla
lymph and ending at brain processing [36–38]. Very
few data are available on how environmental changes
will impact pheromone perception, but one recent study
showed that the sex pheromone perception was altered in
male moth Caloptilia fraxinella under elevated tempera-
ture [39].
Because insects are poikilotherms, changes in their body
temperature may alter the affinity between a pheromone
and its binding protein (PBP) that transports this mole-
cule through the sensillum lymph to olfactory receptor
neurons. In Apis mellifera and A. cerana, ASP1 acts as PBP
that has a good affinity to the queen mandibular phero-
mone [40]. However, increasing temperature weakens
the van der Waals and hydrogen bonds established be-
tween the queen mandibular pheromone and PBP, which
implies that binding affinity between these molecules can
be lessened, inducing a reduced efficiency of the signal
transportation trough the hydrophilic lymph [41].
Behavioural response
Although insect responses to pheromones are innate, they
may be conditional and influenced by direct (age, sex,
hormonal status, experience) and indirect (cascade effect)
factors [6]. Temperature is a major abiotic factor togetherwww.sciencedirect.com with photoperiod that determines the intensity and tim-
ing of various insects’ activities [42,43]. Field studies
related to IPM approaches on several lepidopterans have
shown that the diel periodicity of their sexual attraction is
modified by both photoperiod and ambient temperature
[44–46]. Moreover, the seasonal rate of capture by trap
catching is generally related to the associated tempera-
ture, depending on specific seasonal degree-days that
insects are subjected to [47,48]. By this logic, an increase
in global surface temperature may shift the seasonal
periodicity of sex-related flights in insects, requiring an
adaptation of monitoring and treatment periods against
these pest insects. Another example is the impact of
changing temperatures on ant foraging activity. Ants that
use chemical recruitment tend to forage at lower tem-
peratures compared to those that do not [49]. Therefore,
accelerated pheromone decay caused by increased tem-
peratures is expected to alter trail-following behaviour
and to be more detrimental to foraging by mass-recruiting
ant species [50].
In addition to a general increase in insect mobility, some
specific behavioural responses to pheromones can be
altered by elevated temperature. For instance, male
moths C. fraxinella reared under increased temperature
during their reproductive diapause and subsequently
exposed to female sex pheromones in a wind tunnel show
more pronounced sexual responses [39]. At higher tem-
peratures, male moths also show a lower level of specific-
ity towards their sex pheromones, due to shifts in
behavioural thresholds related to plume orientation and
to the elicitation of upwind flight [51].
With regards to the impact of atmospheric CO2 concen-
tration, the escape behaviour of aphids reared under
elevated CO2 concentrations (i.e. 2100 predicted levels)
is lower compared to those reared under ambient CO2
conditions [52,53,54]. The increase in CO2 concentra-
tion could affect the escape behaviour of aphids by
reducing the enzymatic activity of acetylcholinesterase,
which is involved in neuronal transmission related to
alarm signal perception [55]. This altered ability of aphids
to produce and/or respond to the alarm pheromone may
alter their defensive behaviours under changing climatic
scenarios.
Conclusions, wider context and future
directions
Based on the existing literature, we suggest that phero-
monal communication in insects will be disturbed by
increases in temperature and atmospheric gas concentra-
tions. Insects relying on long-range chemical signalling,
involving complex blends of molecules, are likely to be
more impacted, due to the possible perturbation of enzy-
matic properties (leading to modification in compound
ratio) or signal degradation by oxidative gases during
dispersal (disrupting pheromone plumes). BehaviouralCurrent Opinion in Insect Science 2016, 17:87–91
90 Global change biologyaspects of chemical communication (emission of the
signal and induced behaviours) could also be affected
as a consequence of shifts in optimal conditions affecting
phenology and/or physiology. However, because climate
change effects on pheromonal communication may be
masked by the daily and seasonal rhythms of behaviour
and physiology, our knowledge of the specific effects of
climate change on pheromone signalling is sparse.
In this review we only focused on intraspecific (pheromon-
al) chemical communication, although allelochemical-me-
diated communication in the broader sense will likely also
be affected by climate change. Indeed, as already sug-
gested in plant–insect relationships, the changes of several
abiotic parameters could affect interactions between
organisms from different trophic levels, and thus affect
the dynamics of ecological systems. However, it is difficult
to predict how climate change will impact chemical com-
munication between insects for several reasons. Abiotic
factors could affect the different stages of insect phero-
mone communication (Figure 1), and the response of
insects to particular environmental conditions could be
species-specific. Moreover, the interactive effects of ele-
vated atmospheric ozone and CO2 concentrations, as well
as temperature increase, on chemical-mediated interac-
tions have received limited attention, despite that all of
these factors are affecting ecosystems’ stability. A key
solution lies in the use of mesocosms and other facilities
where multiple components of climate change can be
manipulated in a multispecies context [56]. This approach
could be used to assess how all climatic changes associated
with a predicted scenario in the coming century might
interact to impact the production of plant secondary me-
tabolites, and the associated cascade effects on the phero-
mone production in phytophagous insects.
In an IPM context, the efficiency of pheromone slow-
release devices could be reduced following climatic mod-
ifications, since their release kinetics are sensitive to
various climatic parameters including temperature [57].
Moreover, because the behavioural response of insects to
pheromones and allelochemicals could also be modified
as a consequence of climate change, we suggest that all
semiochemical-based IPM strategies will be impacted,
including mass trapping, mating disruption, monitoring,
push-pull strategies and other intercropping systems.
Acknowledgements
A. Boullis was financially supported by a PhD grant from the Fonds pour la
Formation a` la Recherche dans l’Industrie et l’Agriculture (FRIA), Belgium.
References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:
 of special interest
 of outstanding interest
1. IPCC: Summary for policymakers. In Climate Change 2013: The
Physical Science Basis. Contribution of Working Group I to the FifthCurrent Opinion in Insect Science 2016, 17:87–91 Assessment Report of the Intergovernmental Panel on Climate
Change. Edited by Stocker TF, Qin D, Plattner G-K, Tignor M, Allen
SK, Boschung J, Nauels A, Xia Y, Bex V, Midgley PM. Cambridge,
United Kingdom/New York, NY, USA: Cambridge University Press;
2013.
2. Hughes L: Biological consequences of global warming: is the
signal already apparent? Trends Ecol Evol 2000, 15:56-61.
3. DeLucia EH, Nabity PD, Zavala JA, Berenbaum MR: Climate




Ode PJ, Johnson SN, Moore BD: Atmospheric change and
induced plant secondary metabolites—are we reshaping the
building blocks of multi-trophic interactions? Curr Opin Insect
Sci 2014, 5:57-65.
This is a recent review highlighting the impact of elevated greenhouse gas
concentrations on plant defences against insect herbivores.
5. Law JH, Regnier FE: Pheromones. Annu Rev Biochem 1971,
40:533-548.
6. Wyatt TD: Pheromones and Animal Behavior. Cambridge
University Press; 2014.
7. Miller JR, Gut LJ: Mating disruption for the 21st century:
matching technology with mechanism. Environ Entomol 2015,
44:427-453.
8. Blomquist GJ, Jurenka R, Schal C, Tittiger C: Pheromone
production: biochemistry and molecular biology. In Insect
Endocrinology. Edited by Gilbert LI. Oxford: Elsevier; 2012:
523-567.
9. Tillman JA, Seybold SJ, Jurenka RA, Blomquist GJ: Insect
pheromones—an overview of biosynthesis and endocrine
regulation. Insect Biochem Mol Biol 1999, 29:481-514.
10. Neven LG: Physiological responses of insects to heat.
Postharvest Biol Technol 2000, 21:103-111.
11. Ono T: Effect of rearing temperature on pheromone
component ratio in potato tuberworm moth, Phthorimaea
operculella (Lepidoptera: Gelechiidae). J Chem Ecol 1993,
19:71-81.
12. Ando T, Yamakawa R: Analyses of lepidopteran sex
pheromones by mass spectrometry. Trend Anal Chem 2011,
30:990-1002.
13. Roeser-Mueller K, Strohm E, Kaltenpoth M: Larval rearing
temperature influences amount and composition of the
marking pheromone of the male beewolf, Philanthus
triangulum. J Insect Sci 2010, 10:1-16.
14. Ono T: Effect of temperature on biosynthesis of sex
pheromone components in potato tuberworm moth,
Phthorimaea operculella (Lepidoptera: Gelechiidae). J Chem
Ecol 1994, 20:2733-2741.
15. Bidart-Bouzat MG, Imeh-Nathaniel A: Global change effects on
plant chemical defenses against insect herbivores. J Integr
Plant Biol 2008, 50:1339-1354.
16.

Boullis A, Francis F, Verheggen FJ: Climate change and
tritrophic interactions: will modifications to greenhouse gas
emissions increase the vulnerability of herbivorous insects to
natural enemies? Environ Entomol 2015, 44:277-286.
A comprehensive review of the effects of climate and atmospheric
changes on chemical communication-mediating interactions between
phytophagous insect pests, their host plants, and their natural enemies.
17. Charlton RE, Roelofs WL: Biosynthesis of a volatile, methyl-
branched hydrocarbon sex pheromone from leucine by arctiid
moths (Holomelina spp.). Arch Insect Biochem Physiol 1991,
18:81-97.
18. Blomquist GJ, Figueroa-Teran R, Aw M, Song M, Gorzalski A,
Abbott NL, Chang E, Tittiger C: Pheromone production in bark
beetles. Insect Biochem Mol Biol 2010, 40:669-671.
19. Mozu¯raitis R, Bu¯da V: Pheromone release behaviour in females
of Phyllonorycter junoniella (Z.) (Lepidoptera, Gracillariidae)
under constant and cycling temperatures. J Insect Behav 2006,
19:129-142.www.sciencedirect.com
Climate change and insect pheromones Boullis et al. 9120.

Sentis A, Ramon-Portugal F, Brodeur J, Hemptinne JL: The smell
of change: warming affects species interactions mediated by
chemical information. Glob Change Biol 2015, 21:3586-3594.
This study demonstrates the effect of elevated temperature on infochem-
ical-related behaviours in ladybeetles. Temperature changes induce
modification in terms of emission of marking pheromones as well as
shifts in laying behaviour of receiving females.
21. Holopainen JK, Himanen SJ, Yuan JS, Chen F, Stewart CN:
Ecological functions of terpenoids and climate changes. In
Handbook of Natural Products. Edited by Ramawat KG, Merillon
JM. Springer; 2013:2913-2940.
22. Pinto DM, Tiiva P, Miettinen P, Joutsensaari J, Kokkola H, Nerg A-
M, Laaksonen A, Holopainen JK: The effects of increasing
atmospheric ozone on biogenic monoterpene profiles and
the formation of secondary aerosols. Atmos Environ 2007,
41:4877-4887.
23. Pinto DM, Blande JD, Nyka¨nen R, Dong W-X, Nerg A-M,
Holopainen JK: Ozone degrades common herbivore-induced
plant volatiles: does this affect herbivore prey location by
predators and parasitoids? J Chem Ecol 2007, 33:683-694.
24. Fassotte B, Fischer C, Durieux D, Lognay G, Haubruge E,
Francis F, Verheggen FJ: First evidence of a volatile sex
pheromone in lady beetles. PLOS ONE 2014, 9:e115011.
25. Fassotte B, Francis F, Verheggen FJ: The scent of love: how
important are semiochemicals in the sexual behavior of lady
beetles? J Pest Sci 2016, 89:347-358.
26. Francis F, Vandermoten S, Verheggen F, Lognay G, Haubruge E: Is
the (E)-b-farnesene only volatile terpenoid in aphids? J Appl
Entomol 2005, 129:6-11.
27. Boullis A, Verheggen F: Chemical ecology of aphids. In Biology
and Ecology of Aphids. Edited by Vilcinskas A. CRC Press; 2016:171-198.
28. Taft S, Najar A, Erbilgin N: Pheromone production by an invasive
bark beetle varies with monoterpene composition of its naı¨ve
host. J Chem Ecol 2015, 41:540-549.
29. Sarles L, Verhaeghe A, Francis F, Verheggen F: Semiochemicals
of Rhagoletis fruit flies: potential for integrated pest
management. Crop Prot 2015, 78:114-118.
30. Arndt U: Air pollutants and pheromones—a problem?
Chemosphere 1995, 30:1023-1031.
31. Czaczkes TJ, Gru¨ter C, Ratnieks FL: Trail pheromones: an
integrative view of their role in social insect colony
organization. Annu Rev Entomol 2015, 60:581-599.
32. Joachim C, Vosteen I, Weisser WW: The aphid alarm pheromone
(E)-b-farnesene does not act as a cue for predators searching
on a plant. Chemoecology 2015, 25:105-113.
33. McFrederick QS, Fuentes JD, Roulston TA, Kathilankal JC,
Lerdau M: Effects of air pollution on biogenic volatiles and
ecological interactions. Oecologia 2009, 160:411-420.
34. Gibbs AG: Lipid melting and cuticular permeability: new
insights into an old problem. J Insect Physiol 2002, 48:391-400.
35. Bontonou G, Denis B, Wicker-Thomas C: Interaction between
temperature and male pheromone in sexual isolation in
Drosophila melanogaster. J Evol Biol 2013, 26:2008-2020.
36. Zhang J, Walker WB, Wang G: Pheromone reception in moths:
from molecules to behaviors. In Progress in Molecular Biology
and Translational Science. Edited by Glatz RB. Academic Press;
2015:109-128.
37. Zhou J-J: Odorant-binding proteins in insects. In Pheromones.
Edited by Litwack G. Elsevier Academic Press; 2010:241-272.
38. Ishida Y, Leal WS: Chiral discrimination of the Japanese beetle
sex pheromone and a behavioral antagonist by a pheromone-
degradating enzyme. Proc Natl Acad Sci U S A 2008, 105:9076-
9080.
39. Lemmen J, Evenden M: Environmental conditions terminate
reproductive diapause and influence pheromone perception
in the long-lived moth Caloptilia fraxinella. Physiol Entomol
2015, 40:30-42.www.sciencedirect.com 40. Slessor KN, Winston ML, Le Conte Y: Pheromone
communication in the honeybee (Apis mellifera L.). J Chem
Ecol 2005, 31:2731-2745.
41. Weng C, Fu Y, Jiang H, Zhuang S, Li H: Binding interaction
between a queen pheromone component HOB and
pheromone binding protein ASP1 of Apis cerana. Int J Biol
Macromol 2015, 72:430-436.
42. Bonsignore CP, Bellamy C: Daily activity and flight behaviour of
adults of Capnodis tenebrionis (Coleoptera: Buprestidae). Eur
J Entomol 2007, 104:425-431.
43. Seybold SJ, King JA, Harris DR, Nelson LJ, Hamud SM, Chen Y:
Diurnal flight response of the walnut twig beetle,
Pityophthorus juglandis Blackman (Coleoptera: Scolytidae),
to pheromone-baited traps in two northern California walnut
habitats. Pan-Pac Entomol 2012, 88:231-247.
44. Comeau A, Carde´ RT, Roelofs WL: Relationship of ambient
temperatures to diel periodicities of sex attraction in six
species of Lepidoptera. Can Entomol 1976, 108:415-418.
45. Lance DR, Odell TM, Mastro VC, Schwalbe CP: Temperature-
mediated programming of activity rhythms in male gypsy
moths (Lepidoptera: Lymantriidae): implications for the sterile
male technique. Env Entomol 1988, 17:649-653.
46. Carde´ RT, Charlton RE, Wallner WE, Baranchikov YN:
Pheromone-mediated diel activity rhythms of male Asian
gypsy moths (Lepidoptera: Lymantriidae) in relation to female
eclosion and temperature. Ann Entomol Soc Am 1996, 89:745-
753.
47. Del Tı´o R, Martinez JL, Ocete R, Ocete ME: Study of the
relationship between sex pheromone trap catches of Lobesia
botrana (Den. & Schiff.) (Lep., Tortricidae) and the
accumulation of degree-days in Sherry vineyards (SW of
Spain). J Appl Entomol 2001, 125:9-14.
48. Gallardo A, Ocete R, Lo´pez MA, Maistrello L, Ortega F, Semedo A,
Soria FJ: Forecasting the flight activity of Lobesia botrana
(Denis & Schiffermu¨ ller) (Lepidoptera, Tortricidae) in
southwestern Spain. J Appl Entomol 2009, 133:626-632.
49. Ruano F, Tinaut A, Soler JJ: High surface temperatures select
for individual foraging in ants. Behav Ecol 2000, 11:396-404.
50. van Oudenhove L, Billoir E, Boulay R, Bernstein C, Cerda´ X:
Temperature limits trail following behavior through pheromone
decay in ants. Naturwissenschaften 2011, 98:1009-1017.
51. Linn CE, Campbell MG, Roelofs W: Temperature modulation of
behavioural thresholds controlling male moth sex pheromone
response specificity. Physiol Entomol 1986, 13:59-67.
52. Awmack C, Woodcock C, Harrington R: Climate change may
increase vulnerability of aphids to natural enemies. Ecol
Entomol 1997, 22:366-368.
53. Mondor EB, Tremblay MN, Awmack CS, Lindroth RL: Divergent
pheromone-mediated insect behaviour under global
atmospheric change. Glob Change Biol 2004, 10:1820-1824.
54.

Hentley WT, Vanbergen AJ, Hails RS, Jones TH, Johnson SN:
Elevated atmospheric CO2 impairs aphid escape responses to
predators and conspecific alarm signals. J Chem Ecol 2014,
40:1110-1114.
Rare are the studies that assess the impact of elevated CO2 on pher-
omonal signalling in insects. Here, the authors showed that an increase in
CO2 concentration reduce the escape behaviour in aphids when alarm
pheromone is presented to the colony.
55. Sun Y, Su J, Ge F: Elevated CO2 reduces the response of
Sitobion avenae (Homoptera: Aphididae) to alarm pheromone.
Agric Ecosyst Environ 2010, 135:140-147.
56. Stewart RI, Dossena M, Bohan DA, Jeppesen E, Kordas RL,
Ledger ME, Meerhoff M, Moss B, Mulder C, Shurin JB et al.:
Mesocosm experiments as a tool for ecological climate-
change research. Adv Ecol Res 2013, 48:71-181.
57. Heuskin S, Verheggen FJ, Haubruge E, Wathelet J-P, Lognay G:
The use of semiochemical slow-release devices in integrated
pest management strategies. Biotechnol Agron Soc 2011,
15:459-470.Current Opinion in Insect Science 2016, 17:87–91
